The canonical involution in the second order iterated tangent bundle is generalised for an arbitrary order and transfered to jet spaces. The classification of all symmetrised nonholonomic jets of the third order is given.
nature are observed and that is why symmetrisations play an important role in actual physical theories. We consider the concept of symmetrisation as suitable also for the arrangement of jet spaces; it gives no inapplicable permutations of indexes, but it offers several fully geometrically interpreted operations.
The construction of the generalised involution, the classification of all symmetrised nonholonomic jets of the third order and the geometrical interpretation of them can be viewed as the main new results of the paper. All manifolds and maps are assumed to be of class C :
Projections and involutions

Nonholonomic jets
We recommend the monograph of Koláȓ, Michor and Slovák, [5] , for a good selfcontained introduction to the jet theory. The bundle of all (holonomic) r-jets of M into N is denoted by J r (M; N): The bundleJ r (M; N) of nonholonomic r-jets of M into N is defined by the induction. For r01; the bundle of nonholonomic 1-jets J 1 (M; N)J 1 (M; N): By induction, let a :J r(1 (M; N) 0 M denote the source projection and let b :J r(1 (M; N) 0 N denote the target projection of (r(1)-th nonholonomic jets. Then Z is said to be a nonholonomic r-jet with the source x M and the targetx N; if there is a local section s : M 0J r(1 (M; N) such that Z 0j : However, it is not an arbitrary vector bundle morphism with this property (we introduce a concept of the quasijet for it; the relation will be precised in Proposition 4 
We observe that k 1 0id and k 2 is the well-known canonical involution k : TTM 0 TTM: We call k r the r-involution . We observe that the application of k r gives k r (a)0(1; 3; . . . ; 2 r (1; 2; 4; . . . ; 2 r ):
Then the further application gives 
The kernel injection
We recall the concept of the kernel injection. For a vector bundle q : E 0 M we have two vector bundle structures on TE; namely p : TE 0 E and Tq : TE 0 TM: The heart HE of the vector bundle E 0 M is defined as the vector bundle Vp \ VTq 0 M: We can identify E with HE and there is the canonical kernel injection i : E : HE 0 TE: Now we take a p . . . ; g q are multiindexes of the length r with elements from f0; 1g representing an ordered decomposition of every multiindex of this form. The ordering of them respects the rule of the increasing number of left zeros in g 1 ; . . . ; g q :
Projections in quasijet and jet bundles
The following three propositions recall properties proved in [1] and [7] .
For every s; 0B sBr and for every a; b] 0 such that a'b's0 r; we denote by a f We have the induced projections of quasijet spaces now. We define Now, we are able to describe a wide class of subbundles of QJ r (M; N) by identifications of some of these projections. We intend to determine the most significant subbundle now. We know that nonholonomic jets can be viewed as special quasijets using m: If the condition from the proposition comes true, we obtain the identification of coordinates, in which it turns out that only the first units in each of multiindexes g 1 ; . . . ; g q are essential. So, we remove all units except the first ones in each of the multiindexes, and we obtain only one unit in each multiindex in this way. We then replace the remaining units by related i 1 ; . . . ; i q and take the sum of these multiindexes. This is how the transfer from quasijet local coordinates to the nonholonomic coordinates occurs. This requires the following new proposition:
Proposition 5. If an r-th order quasijet f is an image of a nonholonomic jet, then all quasijets a P s b (f), 0B sBr, a'b's 0r, are also images of nonholonomic jets.
PROOF. An insight to coordinate expressions makes the proof easy. As Proposition 2 holds, a P s b (f)0 a f s b is a quasijet. We suppose that f is an image of a nonholonomic jet and thus we can transfer from quasijet local coordinates to the nonholonomic coordinates for f: Then applying the projection a P s b also gives a result in nonholonomic coordinates. Clearly, a f s b is an image of a nonholonomic jet. j
As to the proposition, we have induced projections in the nonholonomic jet bundles. We denote these by the same symbols as the projections in the iterated tangent bundles, i.e. by a p s b :
Semiholonomic jets and v-holonomic jets
We recall that a nonholonomic jet Z J r (M; N) satisfying the condition 
Involutions in quasijet bundles
The r-involutions in T . . . T |fflfflffl{zfflfflffl} 
Of course, it is also a quasijet. Nevertheless, if a quasijet f is an image of a nonholonomic jet, i.e. f0mZ; then k r f is not an image of another nonholonomic jet, in general. This fact is known for the second-order case: we read it that k 2 does not induce an involution in the second-order nonholonomic jet bundles (however, it induces the involution in the second-order semiholonomic jet bundles). This will also be seen in the evaluation 2.10.
Natural transformations of nonholonomic and semiholonomic jet functors
We present the concordance of our approach with another one. Adopting the categorical point of view, we observe that several differential geometric operations can be interpreted as natural transformations of corresponding functors. Presented jet functors are bundle functors on the product category Mf m )Mf ; where Mf m is the category of m-dimensional manifolds and local diffeomorphism and Mf is the category of manifolds and smooth maps.
All natural transformations of the nonholonomic and semiholonomic secondorder jet functor into itself, i.e. natural transformationsJ 2 0J 2 andJ 2 0J 2 ; are described in [6] . The yield of the results is that the canonical involution of the iterated tangent bundle provides the involution only for the semiholonomic caseJ 2 0J 2 ; but not for the nonholonomic caseJ 2 0J 2 : Vosmanská has continued research in this direction for the third-order jet functors. In [15] , all natural transformationsJ 3 0J 3 andJ 3;2 0J 3;2 are described (J 3;2 denotes the bundle functor of the third-order semiholonomic jets, underlying second-order jets, which are holonomic). The results are interesting: there is no transformation of an involution type for semiholonomic jets, whereas a richer natural transformationJ 3;2 0J 3;2 is demonstrated. Namely, if the choice d 0f 0g 0h 00 and e0 1 is taken in the second 5-parameter family of the classification (see [15, formula 18]), then the involution k 3 is obtained. Nevertheless, is there any jet space wider thanJ 3;2 (M; N) in which the involution k 3 operates?
The evaluation
We take r03 and give the answer for the above formulated question. 
By a direct evaluation, we find an expression of k 3 f as
In view of Proposition 4, f represents an image of a nonholonomic jet if and only if 
and k 3 f has a form
Then k 3 f is not an image of a nonholonomic jet. If we want k 3 f to be an image of a nonholonomic jet, we must add further conditions: So, we have:
Theorem 2. All third-order symmetrised nonholonomic jet bundles are presented by bundles in the list 3 A */ 3 P and by their intersections.
PROOF. Practically, one can derive the theorem by a direct evaluation and all interpretations are already described. We now explain the three-subscripts cases more. As to the case 3 O ; it is easy to show that Remark 2. Kolář has introduced the concept of the jet functor on category Mf m )Mf and has it generalised for the category F M m of fibred manifolds, with m-dimensional bases and fibre preserving maps with local diffeomorphisms as base maps. The classification of such second-order jet functors is presented in [4] .
